Plasmid-mediated resistance to quinolones is increasingly reported in studies of Enterobacteriaceae. Using a PCR-based strategy, a series of gram-negative species were screened for qnrA-like genes. Shewanella algae, an environmental species from marine and fresh water, was identified as its reservoir. This is a one of the very few examples of progenitor identification of an acquired antibiotic resistance gene.
Multidrug resistance in Enterobacteriaceae, including resistance to quinolones, is currently among the top antibiotic resistance problems in the United States and is rising worldwide (5, 13) . Quinolone resistance in Enterobacteriaceae results mostly from chromosomal mutations in genes coding for DNA gyrase (topoisomerase II), for efflux and outer membrane proteins, or for their regulatory elements (11) . However, Qnr (later termed QnrA), a plasmid-mediated quinolone resistance determinant (G. A. Jacoby (8, 15, 18, 26, 32) .
The 218-amino-acid protein QnrA, which belongs to the pentapeptide repeat family, protects DNA gyrase and topoisomerase IV from the inhibitory activity of quinolones (29, 30) . QnrA confers resistance to nalidixic acid and increases MICs of fluoroquinolones up to 32-fold (7, 15, 16) .
The recent emergence of plasmid-mediated quinolone resistance led us to search for its natural reservoir. Our working hypothesis was that this novel resistance determinant could derive from an environmental, human, or animal gram-negative species, taking into account our knowledge on horizontal gene transfer in bacteria. A total of 48 gram-negative bacterial species were screened that included clinically significant bacterial species such as representatives of the Enterobacteriaceae, Aeromonadaceae, Pseudomonadaceae, Xanthomonadaceae, Moraxellaceae, and Shewanellaceae families.
PCR-based experiments using specific primers for the qnrA gene (15) identified a positive signal for three Shewanella algae clinical isolates (KB-1 to KB-3) (10) and reference strain S. algae CIP106454T (Institut Pasteur strain collection, Paris, France). The locations of the qnrA genes were determined precisely by using the endonuclease I-Ceu-I technique (14) .
Pulsed-field gel electrophoresis (28) gave six DNA fragments from Shewanella sp. strains ( Fig. 1 ). The DNA probe for rRNA consisting of a 1,504-bp PCR fragment for 16S and 23S rRNA genes (6) hybridized with all the fragments from the Shewanella strains. Hybridization with a DNA probe internal to qnrA gene (15) gave a single signal for the S. algae strains only (Fig. 1) .
The four corresponding QnrA-like proteins of S. algae reference strains and isolates KB-1 to KB-3 had only two to four amino acid substitutions compared to QnrA (termed now QnrA1) (Fig. 2) . Note that the GϩC content (52%) of the qnrA-like genes of S. algae matched exactly that of the genome of S. algae (4) . S. algae is a gram-negative species belonging to the Shewanellaceae family that is widely distributed in marine and freshwater environments (3, 19, 21) . Whereas S. putrefaciens is also a human pathogen (2), it seems now that most of the S. algae isolates have been misidentified for S. putrefaciens (4) and most of the S. algae infections are related to seawater exposure (3). The MIC of nalidixic acid was 2 g/ml, and those of fluoroquinolones ciprofloxacin, ofloxacin, sparfloxacin, and norfloxacin were 0.12, 0.5, 0.5, and 0.5 g/ml, respectively, being identical for the four S. algae strains and remaining in the susceptibility range (17) . Based on analysis of an antibiotic resistance phenotype, the presence of a QnrA-like determinant in S. algae could not be suspected. However, these MIC levels were four-to eightfold higher than those of the closely related species Shewanella putrefaciens that was qnrA negative.
Since the plasmid-encoded qnrA gene had been found in a sul1-type integron downstream of the open reading frame orf513 coding for a recombinase (7, 15, 26, 29, 32) , we also used a PCR-based strategy with primers ORF513D3 and ORF513D5 (15) for detecting this gene in S. algae. These experiments failed as well as those designed to amplify the ampR gene that has been identified in In36 and In37 just downstream of the qnrA gene (data not shown) (32) . These results indicated that the CR1 element that provides promoter sequences for highlevel expression of the plasmid-mediated QnrA gene in Enterobacteriaceae (15) was not associated with qnrA in S. algae.
Further work may identify in other psychrophilic species the reservoir of the two novel plasmid-mediated quinolone resistance determinants, i.e., QnrB identified from the United States and South India (Jacoby et al., abstr. C2-1898a, 2004) and QnrS identified from Japan (9), which share only 40 and 59% amino acid identity with QnrA, respectively. Notably, it has been shown recently that Vibrio parahaemolyticus possesses a QnrA homologue (58% identity) (27) . This report indicates that gram-negative bacterial species not only of the veterinary world but also of the environment may be a reservoir for emerging antibiotic resistance genes spreading in human pathogens, as suspected (33, 34) . Our finding emphasizes the possible role of the aquatic environment as a reservoir of antibiotic resistance genes. In addition, we had determined recently that another Shewanella species, Shewanella oneidensis, is the natural reservoir of OXA-48, a plasmid-encoded carbapenem-hydrolyzing ␤-lactamase gene that was identified in K. pneumoniae, further indicating gene exchange between Shewanella spp. and Enterobacteriaceae (24) . The present report adds knowledge on the origin of clinically significant antibiotic resistance genes that has been established without ambiguity in very few cases, such as for the SHV-, CTX-M-, and AmpC-type ␤-lactamase genes originating in enterobacterial species (12, 23, 25) and for tetracycline resistance determinants identified in mycobacteria and originating in Streptomyces rimosus (22) .
The quinolones prescribed in human therapy are also extensively used in aquaculture (20) as synthetic molecules stable in (16) and from Klebsiella oxytoca from China (GenBank accession number AY675584), respectively. QnrA3 is from S. algae reference strain CIP106454T and S. algae clinical isolate KB-1, whereas QnrA4 and QnrA5 are from S. algae clinical isolates KB-2 and KB-3, respectively (10). DQ058661, DQ058662, and DQ058663 are GenBank accession numbers for QnrA3, QnrA4, and QnrA5, respectively. Dashes are for identical amino acid residues. Pentapeptide motifs in which amino acid substitutions have been identified compared to the QnrA1 sequence are boxed. In these motifs, the conserved residues identified by Tran and Jacoby (29) are shaded.
3524
NOTES ANTIMICROB. AGENTS CHEMOTHER.
a water environment (31) . Thus, it is tempting to speculate that subinhibitory concentrations of quinolones in water may select for waterborne S. algae strains and therefore enhance transfer of this naturally occurring quinolone resistance determinant to Enterobacteriaceae. The role of quinolones for inducing this antibiotic resistance gene transfer may be related to induction of the SOS bacterial repair system, as shown previously (1).
